A new type of replenishment policy is suggested in an entropy order quantity model for a perishable product possessing fuzzy holding cost and fuzzy disposal cost. This model represents an appropriate combination of two component demand with discounted selling price, particularly over a finite time horizon. Its main aim lies in the need for an entropic cost of the cycle time is a key feature of specific perishable product like fruits, vegetables, food stuffs, fishes etc. To handle this multiplicity of objectives in a pragmatic approach, entropic ordering quantity model with discounted selling price during pre and post deterioration of perishable items to optimize its payoff is proposed. It has been imperative to demonstrate this model by analysis, which reveals some important characteristics of discounted structure. Furthermore, numerical experiments are conducted to evaluate the difference between the crisp and fuzzy cases in EOQ and EnOQ separately. This paper explores the economy of investing in economics of lot sizing in Fuzzy EOQ, Crisp EOQ and Crisp EnOQ models. The proposed paper reveals itself as a pragmatic alternative to other approaches based on two component demand function with very sound theoretical underpinnings but with few possibilities of actually being put into practice. The results indicate that this can become a good model and can be replicated by researchers in neighbourhood of its possible extensions.
Introduction
The predominant criterion in traditional inventory models is minimization of longrun average cost per unit time. The costs considered are usually fixed and variable ordering cost, holding cost, disposal cost. Costs associated with disorder in a system tied up in inventory are accounted for by including an entropy cost in the total costs. Entropy is frequently defined as the amount of disorder in a system. Jaber et al. (2008) proposed an analogy between the behaviour of production system and the behaviour of physical system.
In this paper we consider a continuous review, entropic order quantity model with fuzzy holding cost and fuzzy disposal cost. In traditional inventory models it has been common to apply fuzzy on demand rate, production rate and deterioration rate, whereas applying fuzzy in system cost usually ignored in Mahata et al. (2006) and Vujosevic (1996) et al. From practical experience, it has been found that uncertainty occurs not only due to lack of information but also as a result of ambiguity (vagueness) concerning the description of the sematic meaning of declaration of statements relating to an economic world. The fuzzy set theory was developed on the basis of non-random uncertainties. For this reason, we consider in our inventory model the holding cost and the disposal cost as the fuzzy member, since no researcher have discussed EnOQ model by introducing the holding cost and disposal cost as the fuzzy number.
Product perishability is an important aspect of inventory control. Deterioration in general, may be considered as the result of various effects on stock, some of which are damage, decay, decreasing usefulness and many more. Decaying products are of two types. Product which deteriorate from the very beginning and the products which start to deteriorate after a certain time. Lot of articles are available in inventory literature considering deterioration. Interested readers may consult the survey paper of Weatherford et al. (1992) , Panda et al. (2009) , Goyal et al. (2001) and Raafat (1991) .
The constant demand model appears to have received considerably less attention in the inventory literature than the two component demand function model. In last two decades the variability of inventory level dependent demand rate on the analysis of inventory system was described by researchers like Pal et al. (1993) and Goswami et al. (1995) . They described the demand rate as the power function of on hand inventory. There is a vast literature on stock development inventory and its outline can be found in the review article by Urban In the development of an EOQ system, we usually omit the case of discounting on selling price. But in real world, it exists and is quite flexible in nature. On the other hand, in order to motivate customers to order more quantities, usually suppliers offer discount on selling prices both pre and post deterioration rate. Dave et al. (1995) developed an inventory model under continuous discount pricing. Khouja (2000) studied an inventory problem under the condition that multiple discounts can be used to sell excess inventory. Shah et al. (1993) mentioned that discount is considered temporarily for exponentially decaying inventory model. This paper represents the issue in details.
The purpose of this paper is to investigate the effect of the approximation made by using the average payoff when determining the optimal values of the policy variables. In this paper we focus exclusively on the cost of entropy with fuzzy holding cost and fuzzy disposal cost. A policy iteration algorithm is designed with the help of Deb (2000) and optimum solution is obtained through LINGO software. Numerical experiments are carried out to analyse the magnitude of the approximation error. We also consider the effect of fuzzy system in the total payoff. The remainder of this paper is organised as follows. In Section 2 describes the model formulation. Section 3 develops the fuzzy model. Section 4 provides mathematical analysis. In section 5, an illustrative numerical experiment is given to illustrate the procedure of solving the model. Finally in section 6 we make summary, concluding remarks and provide some suggestions for future research. 
Mathematical Model with pre-and post deterioration discount on unit selling price
At the beginning of the replenishment cycle the inventory level raises to Q 1 . As time progresses it decreases due to instantaneous stock dependent demand up to the time . After deterioration starts and the inventory level decreases for deterioration and constant demand. Ultimately inventory reaches zero level at T 1 . Demand depends on the on hand inventory up to time from time of fresh replenishment beyond which it is constant and defined as follows.
where a > 0 is the initial demand rate independent of stock level and condition of inventory. b>0 is the stock sensitive demand parameter I(t) is the instantaneous inventory level at time t. We assume that before the start of deterioration from time t 1 , 1 0 , 1 1 r r is the percentage pre-deterioration discount offer on unit selling price of the product is given in order to boost the demand of fresh items.
is the effect of pre-deterioration discount on demand. Clearly, this discount is continued for the period of time 1 t . As deterioration starts from , r 2 , 1 0 2 r is the percentage discount offer on unit selling price during deterioration is provided to enhance the demand of decreased quality items.
the set of real numbers), is the effect of discounted selling price on demand during deterioration. 2 is determined from priori knowledge of the seller such that the demand rate is influenced with the reduction rate of selling price. This discount is continued for the rest of the replenishment cycle. Then the behaviour of inventory level is governed by the following system of linear differential equations.
The deterioration rate
Where t is the time measured from the instant arrivals of a fresh replenishment indicating that the deterioration of the items begins after a time from the instant of the arrival in stock.
H (t -) is the well known Heaviside's function. H (t -) =
With the initial boundary condition (6) Now, at the point t = we have from equation (5) and (6) b a e b a e a Q 1 1
where h is holding cost per unit per unit time and d is disposal cost per unit.
Purchase cost in the cycle is given by PC = cQ 1 .
where c is per unit purchase cost of the product and s is constant selling price of the product per unit (s>c).
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Setup cost in the cycle is given by OC =C 0 .
Entropy generation rate must satisfy dt
where, σ(t) is the total entropy generated by time t and S is the rate at which entropy is generated. The entropy cost is computed by dividing the total commodity flow in a cycle of duration T i .
The total entropy generated over time
where s is constant selling price of the product per unit (s>c). The pre-deterioration discount on selling price is to be given in such a way that the discounted selling price is not less that the unit cost of the product, i. 
Entropy cost per cycle is
and , , , 0 are determined by the decision maker based on the uncertainty of the problem.
The membership function of fuzzy holding cost and fuzzy disposal cost are considered as:
An Entropic Order Quantity model with fuzzy holding cost and fuzzy disposal cost for perishable items ….. By extension principle the membership function of the fuzzy profit function is given by 
. From the equations (13) and (16) 
. From the equations (13) 
Thus the membership function for fuzzy total profit is given by otherwise ; ; ; 0 ) ( ) ( ) (
Hence, the centroid for fuzzy total profit is given by are given by equations (9), (10) and (11) .
Note that the two discounts r 1 and r 2 are given on constant unit selling price s of the product. There may raise another case: the discount on unit selling price of the product from the start of deterioration may be given on the pre-deterioration discounted selling price (1-r 1 )s.
The pre-deterioration discount on selling price is to be given in such a way that the discounted selling price is not less that the unit cost of the product, i.e.
Applying these constraints on the unit total profit function in equation (21) (Deb 2000) and LINGO software to derive the optimal values of the decision variables.
Some Special Cases

I Model with post deterioration discount on unit selling price
We now consider the basic model by relaxing the assumption of discounted selling price from t 1 before deterioration. Discount on selling price will be given as soon as the deterioration starts.
In that case t 1 = , r 1 =0 and T 1 =T 2.
From equation (7) There is post deterioration discount on selling price. Therefore, we have the fuzzy maximization problem. (29)
II Model for no discount on unit selling price
In this case we consider that there is no pre-deterioration as well as no post deterioration discount on unit selling price. Substituting t 1 = , T 1 = T 3 and r 1 = r 2 = 0, we have from equation (7) and from equation (8) (36)
Model Analysis
In the last session we have derived all possible unit profit functions arise from the associativity of deterioration and discount on unit selling price. In this section, we verify the applicability of the proposed discount structure. Let us consider the following theorem. A simple managerial indication is as follows: in pure inventory scenario if the product deteriorates after a certain time then it is always more profitable to apply both pre and post deterioration discount on unit selling price.
Theorem -1
For
Numerical Example
The parameter values are a=80, b=0.3, h=0.6, d=2.0, s=10.0, C 0 =100.0, c=4.0, θ=0.03, =1.2, n 1 =n 2 =2.0, Δ 1 =0.1, Δ 2 =0.2, Δ 3 =0.5, Δ 4 =0.8 are listed in Table 2 .
For the fuzzy entropic order quality model with both pre and post deterioration discounts, the pre-deterioration discount on unit selling price is 36.09% and discount starts at time 0.15239 and continued to =1.2. Then the product starts to deteriorate. During this time in order to enhance inventory depletion rate, 47.88% discount is provided for remaining time of replenishment cycle. Profit per unit time is 665.2772. The optimal order quantity and cycle length are 1373.823 and 2.7287 respectively. The unit profit and order quantity for only post deterioration discount are 565.3963 and 598.6194 less by 17.6656 and 129.4985%, respectively. The cycle length is 2.7004 and 0.6764% less than that for model with both types of discounts. The post deterioration discount in this case 39.6475% and is less than 20.7618% from the model with both types of discounts whereas the model with no discount provides least payoff per unit time. The results are quite justified and agree with the model analysis at last section.
The relative differences in Table 3 is marked larger than the ones found in the previous experiments when the ordering policy is optimal. This indicates that there exists cases in which the relative difference is non-negligible. Based on the results in Table 2 and 3, we also note that the relative difference can be high when the ordering policy is optimal in the discounted selling price under pre and post deterioration model. While, with the same parameters, a positive ordering quantity is optimal in the post-deterioration discounted model and no discounted model. No Discount 
Conclusion
We have presented an entropic order quantity model with fuzzy holding cost and fuzzy disposal cost for perishable items under two component demand in which the criterion is to optimise the expected total discounted finite horizon payoff. To compute the optimal values of the policy parameters a simple and quite efficient policy model was designed. Theorem 1 and 2 effectively determine the optimal discount rate However, we saw few performance differences among a set of different inventory policies in the existing literature. Although there are minor variations that do not appear significant in practical terms, at least when solving the single level, uncapacitated version of the lot sizing problem. From our analysis it is demonstrated that the retailer's profit is highly influenced by offering pre-and post discount on selling price. The results of this study give managerial insights to decision maker developing an optimal replenishment decision for deteriorating product. Compensation mechanism should also be included to induce collaboration between retailer and dealer in a meaningfull supply chain.
In general, for normal parameter values the relative payoff differences seem to be fairly small. The optimal solution of the suggested entropic order quantity model has a higher total payoff as compared with optimal solution for the traditional EOQ policy. Conventional wisdom suggests that workflow collaboration in a fuzzy entropic model in a varying deteriorating product in market place are promising mechanism and achieving a cost effective replenishment policy.
The approach proposed in the paper based on EnOQ model seems to be a pragmatic way to approximate the optimum payoff of the unknown group of parameters in inventory management problems. The assumptions underlying the approach are not strong and the information obtained seems worthwhile. Investigating optimal policies when demand are generated by other process and designing models that allow for several orders outstanding at a time, would also be challenging tasks for further developments. It's use may restrict the model's applicability in the real world. Future direction may be aimed at considering more general deterioration rate or demand rate. Uses of other demand side revenue boosting variables such as promotional efforts are potential areas of future research. The proposed paper reveals itself as a pragmatic alternative to other approaches based on two component demand function with very sound theoretical underpinnings but with few possibilities of actually being put into practice. The results indicate that this can become a good model and can be replicated by researchers in neighbourhood of its possible extensions. As regards future research, one other line of development would be to allow shortage and partial backlogging in the discounted model. 
Proof:
The values of 2 for fixed r 2 is always less than the optimal value of r 2 . Thus it is sufficient to show that 3 2~ for fixed r 2 . Here T 2 is the cycle length when post deterioration discount is applied on unit selling price to enhance the demand of decreased quality items. For the enhancement of demand the inventory depletion rate will be higher and consequently the cycle time will reduce T 3 when no discount is applied on selling price. Obviously T 3 is greater than T 2 without loss of generality, let both the profit functions 2 and 3 are positive. demonstrates that only post deterioration discount on unit selling price is more profitable than profit corresponding to no discount on selling if the percentage post deterioration discount on unit selling price is less than A simple managerial indication is as follows: in pure inventory scenario if the product deteriorates after a certain time then it is always more profitable to apply both pre and post deterioration discount on unit selling price. The amount of percentage discount must be less than the limit provided in equation (40) for both pre and post deterioration discount. The upper limit for the amount of only post deterioration discount on unit selling price is given in equation (42).
